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The dialysate fluid of uremic patients exhibits, in vitro, an inhibitory effect on cell growth, owing 
to urea, guanidino compounds, and substances named middle molecules. The polyamines are com- 
pounds which exhibit high levels in biological fluids during either normal development or disease 
such as psoriasis, uremia, and tumors. Dialysate and middle molecules show toxicity and degenera- 
tion of the organotype cultures, whereas the free polyamines and nonrecirculated dialysate do not 
have any toxic effect. The aim of this study is to analyze the effects of polyamines, nonrecirculated 
dialysate, and middle molecules of uremic patients in periodic hemodialysis on cultured VERO 
(fibroblast-like cells) growth These cells show an inhibition of growth in middle molecules or 2 x 
1 0 M putrescine and a stimulation with nonrecirculated dialysate and 2 ■: KT* M putrescine. The 
effect is different because the cultures with middle molecules begin growth again after 24 hr whereas 
in the presence of 2 x 1(T 4 M putrescine no further growth is observed. Cells maintained in middle 
molecules + 2 x icr" M putrescine show an irreversible degeneration, attesting a toxic effect due to 
the low molarities of putrescine. The electron microscopy shows alteration of cytoplasmic, mito- 
chondrial, and nuclear membranes, but no chromatin fragmentation with either middle molecules or 
2 x 10 4 M putrescine: this suggests that the cells do not die of apoptosis. In conclusion during 
uremia the polyamines could cause toxic effects, even at low concentrations, on cells stressed by 

other toxic Stimuli. C 1997 Academic Press 

INTRODUCTION 

In the blood of uremic patients there are certain substances (molecular weight range 
350-5000 Da) involved in the clinical pictures of chronic renal failure, such as anemia and 
neuropathy (Man et al, 1980). The dialysate fluid of uremic patients exhibits, in vitro, a 
cell growth inhibitory effect owing to urea, guanidino compounds (Nathan et al, 1989), 
and substances named middle molecules (MM) (Stabellini et al, 1985). 

The polyamines (PAs) are organic cations of the human body (molecular weight range 
150-350 Da) which exhibit high levels in biological fluids during normal development of 
red blood cells (Quemener et al, 1991), liver regeneration (Marchesini et al, 1992), or in 
diseases such as psoriasis, uremia, and tumors (Loser et al, 1990). High urinary concen- 
trations of putrescine reduce fractions, such as W-acctylputrcscine, and predict acute 
rejection m heart transplanted patients (Carrier et al, 1990), whereas prediction of PA 
response to chemotherapy and tumor size in cancer patients (Lawton et al, 1990) is 
uncertain. 

In our previous reviews (Stabellini et al, 1985) we have demonstrated the presence of 
PAs in dialysate of uremic patients and in the very chromatographic peak where MM 
separate from other substances in the dialysate. 

In vitro high concentrations of PAs exhibit an inhibitory effect on cell growth (Stabel- 
lini et al, 1989), while the plasma concentrations of uremic patients have no effect 
(Stabellini et al, 1993). Total recirculated dialysate containing MM and traces of PAs 
(Stabellini et al, 1982) shows toxicity with degeneration of the organotype cultures 
whereas the tree PAs and the nonrecirculated dialysate do not have any toxic effect 
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(Stabellini et al, 1985). PAs interact with DNA and RNA, showing a significant role in 
cell proliferation and differentiation (Heby, 1981; Stabellini et al, 1995). PAs stabilize 
cell-free DNA to enzymatic degradation (Brune et al, 1991) and have a protective effect 
on DNA fragmentation and the apoptosis process (Brune et al, 1991). 

The aim of this study is to analyze the effects that PAs, nonr'ecirculated dialysate, and 
recirculated dialysate fluid of terminal uremic patients in periodic hemodialysis have on 
the growth of cultured fibroblast-] ike cells (VERO). 



MATERIALS AND METHODS 

Cell culture. Fibroblast-likc cells (VERO) were grown in Dulbecco's minimum essen- 
tial medium (DMEM) (G1BCO BRL; UK) supplemented with 10% fetal calf scrum (FCS) 
at a density of 250 x loVml. Cells were incubated in the presence of 8, 12, or 15 mg/ml 
MM or 2 x 10" 4 , 2 x lO" 8 A/putrescine (PUT) (Sigma Chemical Co., St. Louis, MO). At 
the end of regular recirculated hemodialysis, dialysates (1000 ml each) were obtained 
from 10 patients with renal failure, chosen at random. The procedure of regular recircu- 
lated hemodialysis was carried out with a cuprophane filter and 40 liters of bicarbonated 
bath (Ca + 4.0 mEq/liter, Mg 2+ 1.0 mEq/liter, K + 1.0 mEq/liter, CP 100 mEq/liter Na + 
138 mEq/liter, acetate 10 mEq/liter) for 3 hr, three times weekly. Dialysate samples 'were 
lyophihzed and pooled; 1 mg of lyophilized power was eluted with 1 ml 0.1 A/Tris-HCl, 
pH 8.6, and MM were obtained by chromatography performed at 2°C using Sephadex G 
15 (Pharmacia, Sweden) according to Furst et al (1976). The tube solutions corresponding 
to 10 chromatographic II peaks (representing the peak of MM standardized with vitamin 
B12) were pooled, dialyzed, lyophilized, and stored at -20°C. High-performance liquid 
chromatography (HPLC) analysis revealed traces of PAs, in accordance with previous 
research (Stabellini et al, 1982). In the presence of PAs and MM, [ 3 H]thymidine was 
added during exponential growth. At the same exponential phase, cells were counted after 
24, 48, and 72 hr, prepared for analysis of thymidine incorporation and DNA gel elec- 
trophoresis, and fixed for light and transmission electron microscopy. 
^ [ 3 H]Thymidine incorporation. Control and treated cells were pulsed with 1.0 jiiCi 
[-H]thymidine (20 Ci/mmol NEN, Bad Homburg, Germany) during the 24, 48, and 72 hr 
of the culture period. Cells were solubilized in 0.5 M NaOH; an aliquot was precipitated 
with 10% TCA (30 min at 4°C) filtered on glass microfiber filters (GF/C Whatman 
Maidstone, England) and washed with cold 5% TCA (TCA insoluble fraction). The filters' 
were dried and counted in 10 ml of scintillation fluid (Pico Fluor 40, Packard, Downers 
Grove, IL) in a Packard 2425 scintillation counter. Total cell radioactivity (uptake) was 
measured in separate aliquots of solubilized cells counted in 10 ml of scintillation fluid. 
The results are expressed as dpm/cell proteins. 

DNA gel electrophoresis. DNA gel electrophoresis was routinely extracted and purified 
as reported by Boe et al. (1991). Then it was run on a 0.8% agarose gel, as described by 
Falcien et al (1993). Molecular weight markers were from Boehringer-Mannheim (Ger- 
many). 

Electron microscopy. Cultures were removed after 24, 48, and 72 hr using 2 ml trypsin 
0. 1% m Hearle without Ca 2+ and Mg 2+ and centrifuged at 50g for 10 min. The pellet was 
fixed m glutaraldehyde (2.5% in 0.1 M phosphate buffer) for I hr at 4°C, postfixed in 
osmium tetroxide (2% in 0.1 M phosphate buffer) for 30 min, and then embedded in 
araldite. Thin sections were cut on an ultramicrotome with glass knives, stained with 
uranyl acetate and lead citrate, and examined with an Hitachi 800 transmission electron 
microscope. For light microscopy studies, the monolayer cells were fixed in acetone for 
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TABLE I 

Percentage Values of VERO Cell Proliferation in the Presence of Middle Molecules (MM), Putrescine 
(PUT), and Nonrecirculated Dialysate Bath (BD) 

Time of culture (hr) 



24 48 72 



8 mg/ml MM 


37.8 ± 5.9 


13.8 ± 6.8 


-3.4 ±9.3 


1 2 nig, 7 ml MM 


69.4 ± 10.6 


-50 6 ±9.0 


44.0 ± 9.6 


1 5 mg/ml MM 


79.3 x 10.3 


-75.0 i 7.7 


-66.0 ±9.3 


15 mg/ml BD 


+ 5 1 .6 ± 12.0 


i-30 2 i 9.3 


+ 1 5.0 ± 8.7 


2 > 1 0 K M PUT 


+77.7 ±12.1 


^0 0± 6.5 


+45.0 ± 11.2 


2 - 10~ 4 A/ PUT 


-33.0 ±8.4 


-70 0 ± 9.0 


Dead 


2 > 10~ K A/ PUT + 12 








mg/ml MM 


-55.5 ± 12.3 


-85 5 ± 12.1 


Dead 


2 - 10" 4 A/ PUT + 12 








mg/ml MM 


-56.0 ±9.1 


-75 0 ± 10.5 


Dead 


2 < I0" 8 M PUT + 15 








mg/ml MM 


67.0 ± 5.9 


80.2 + 12.4 


Dead 


2 ■ lCT 4 ,U PUT - 15 








mg/ml MM 


66.6 ± 5.9 


70.1 -t 6.8 


Dead 



S T ow. Values are means -t SD in 10 duplicated experiments. 



10 min, stained with hematoxylin and eosin, mounted, and observed with a Leitz micro- 
scope. 

RESULTS 

Cell culture. Table I shows that VERO cultures with MM have 37.8% value of growth 
inhibition at 8 mg/ml concentration, 69.4% at 12 mg/ml, and 79.3% at 15 mg/ml after 24 
hr of culture. After 48 hr incubation, inhibition is reduced to 13.8% at 8 mg/ml, 50.6% at 
12 mg/ml, and 75.0% at 15 mg/ml. The trend is maintained also after 72 hr. Nonrecir- 
culated dialysis fluid cultures show a 51.6% increase of proliferation after 24 hr incuba- 
tion, 30,2% after 48 hr, and 15% after 72 hr. Cultures with 2 x 1 0~ 8 M PUT have a greater 
proliferation (+77.7%), while cultures with 2 * 1(T 4 M PUT display an inhibition 
(-33.3%) after 24 hr incubation compared to control. The effect of 2 * 10~ 8 M concen- 
tration decreases after 48 hr incubation, while the inhibitory effect of 2 * 10~ 4 M con- 
centration increases, with the death of all cells at 72 hr incubation. After 24 hr, inhibition 
of proliferation is present both in MM + 2 '< 10~ 8 M PUT cultures and in MM + 2 * 1(T 4 
M PUT cultures: all cultures die after 72 hr incubation. 

Cultures previously incubated with MM (8, 12, and 15 mg/ml) for 24 hr and then 
incubated with DMEM + FCS alone for 24, 48, or 72 hr show a trend of progressive 
improvement in proliferation of the VERO cells (Table 11), 



TABLE n 

Percentage Values of VERO Proliferation after 24 hr Culture with Medium Containing Middle Molecules (8. 
12, and 15 mg/mJ) Changed with DMEM + 10% Fetal Calf Serum Alone and Evaluated after 24, 48, and 72 hr 







Time of culture (hr) 




24 


48 


72 


8 mg/ml MM 


-43.0 ±7.6 


-20.0 ±7.0 


-13.0 ± 6.1 


12 mg/ml MM 


-49.0 ± 5.8 


20.0 ±6.4 


-16.0 ± 5.6 


15 mg/ml MM 


54.0 t: 6.2 


36.0 ± 5.9 


26.0 ± 7.0 



Nate. Values are means : SD in 10 duplicated experiments. MM. middle molecules. 
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TABLE III 

Cell Proliferation of Fresh VERO Cells with Additional Medium Containing MM and Previously Utilized for 

24 hr 







Time of culture (hr) 




24 


48 


72 


8 mg/ml MM 


-5.5 ±2.8 


±10 1 ± 4.8 


+35.2 ±7.7 


1 2 mg/ml MM 


-22.5 ± 5.3 


-2.0 ± 1.5 


+ 19.5 ± 5.8 


15 mg/ml MM 


-56.5 ± 6.9 


-30 6 ± 7.5 


-10.1 ± 5.5 


Note. Values are means 


SD in 10 duplicated experiments 


MM, middle molecules. 





The medium containing MM, used for 24 hr, is still able to inhibit the growth of fresh 
cultures (Table III). In fact there is a 5.5% inhibition with 8 mg/ml, 22.5% with 12 mg/ml, 
and 56.5% with 15 mg/ml after 24 hr incubation. After 48 hr the cultures with 8 mg/ml 
increase the number of cells + 10.1%, whereas at 12 and 15 mg/ml of MM the inhibition 
diminishes compared to that at 24 hr (-2.0 and -30.6, respectively). The trend is main- 
tained at 72 hr of culture. 

[*H]Thymidine incorporation. Table IV shows that after 24 hr incubation, [^thymi- 
dine incorporation increases (P < 0.01) in the presence of 2 x 10" 8 M PUT and nonre- 
circulated dialysate bath (BD), while it decreases (P < 0.01) in the presence of MM and 
2 > 10~ 4 M PUT. The same trend is maintained after 48 and 72 hr incubation. 

DNA gel electrophoresis. After 24, 48, and 72 hr incubation with 8, 12, and 15 mg/ml 
MM and 2 x 10 4 M or 2 >: 10~ 8 M PUT, DNA gel electrophoresis does not show any 
difference with respect to the control (Fig. 1), 

Ultrastructural data. In control cultures (Fig. 2) VERO cells show an irregular cell 
surface, due to the presence of numerous extensions that appear either as villi of different 
sizes or as real plasmic pseudopodi-like extroflections. The cytoplasm is rich in vacuoles 
surrounded by membrane, filled with dense bodies that sometimes appear as overlapping 
lamellae. Free ribosomes are numerous, scattered throughout the cytoplasm or clustered in 
rosettes. Tubuli of rough endoplasmic reticulum are scarcely evident. Mytochondria show 
characteristic double membranes and numerous transversal crests. The voluminous nuclei 
have regular rims, with occasional shallow introflections. These nuclei are delimited by 
double membranes with interposed perinuclear cistema. On the inner membrane numerous 
ribosomes are more densely present in a single layer. Chromatin is finely dispersed, and 
the nucleolus is evident in both the filamentous and the globular parts. 



TABLE IV 

[ 3 H]Thymidine Incorporation during 24 hr of Culture with Putrescine (PUT), Nonrecirculated Dialysate Bath 

(BD), and Middle Molecules (MM) 







Time of culture (hr) 




24 


48 


72 


2 x 10 4 M PUT 


186.7 ± 25 8* 


50.8 ±3 1.5* 


Dead 


2 * ]U * M PUT 


1355.5 ± 199.7* 


1720.8 ± 231.9* 


1802.6 ± 332.2* 


12 mg'ml MM 


100.3 ±30.6* 


119.4 ±30.7* 


125.4 ± 38.6* 


1 5 mg/ml MM 


76.7 ± 20,7* 


73.6 ± 22.2* 


84.4 ± 23.4* 


15 mg/ml BD 


1679.5 ± 197.1* 


2183.2 ± 255.8* 


2435.1 ± 833.2* 



Note. Values are means ± SD in five duplicated experiments. 
* P < 0.01 compared to controls. 
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2900bp 
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12 3 4 5 6 

FIG. 1. DNA gel electrophoresis of VERO cells maintained for 24 hr in DMEM + 12 mg/ml MM (lane 2), 
15 mg/ml BD (lane 3). 2 * 10 4 M PUT (lane 4), 2 ■ 10 * M PUT (lane 5), ami controls (lane 6). Lane 1, 
Molecular weight 

After 24 hr culture in medium containing MM, VERO cells show evident signs of 
suffering, such as numerous empty cytoplasmic vacuoles and lost cytoplasmic organelles. 
Both nuclei and nucleoli show gross granulation; the nuclear rim is delimited by a scarcely 
evident membrane without perinuclear cisterna (Fig. 3). 

In the presence of 2 ^ I0" 4 A/ PUT, the ultrastructural features of VERO cells are 
exactly the same as those of cells cultured in medium containing MM, as regards the 
morphologic characteristics of the nuclei, numerous vacuoli, and scarce cellular organelles 
(Fig. 4). 

VERO cells cultured in medium containing 2 ^ 10 s A/ PUT present the same ultra- 
structural features as controls (Fig. 5); the cytoplasm is rich in mytochondria and free 
diffuse ribosomes. The plasma membrane is complicated by the presence of microvilli. 



FIG. 2 Electron micrograph uKontrol VERO celN maintained for 24 hi in culture. N, nucleus, n, nucleolus; 
mv. microvilli, m, mitochondrial!!, b. dense bodies. Original magnification, ■< 1 5,000. 




mv 
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Rough endoplasmic reticulum tubuli arc scarcely evident, while the numerous vacuoli 
contain dense lamellae. The voluminous nuclei are delimited by a typical nuclear enve- 
lope; chromatin is evenly dispersed as tine granules. Nucleoli are clearly evident in both 
the filamentous and the globular parts. 

DISCUSSION 

Our study of the PUT, BD, and MM effects on the proliferation of VERO cultures 
shows an inhibitory effect of either MM or 2 ^ 10" 4 A/ PUT and a stimulating effect of 
either BD or 2 x 1 0~ K M PUT. It is well known that acetate present in BD has a stimulating 
effect (Shutchcs et ai, 1981 ) and that 2 - 10" s M PUT has a stimulating effect on cellular 
activity, while 2 ■ Hi" 4 A/ PUT and MM have an inhibitory effect on cell proliferation 
(Stabellini et ai. 1^89). The stimulating effect of nonrecirculated BD shows that the 
inhibition of proliferation is not dependent on variations of pH and concentrations of 
substances present in the BD added to culture medium, as already demonstrated by 
Weislander et ai (1991). 

Our data confirm that the inhibition of proliferation is due to substances present also in 




FIG 3 Electron micrograph of 24-hr-cultured VRRO cells in the presence of middle molecules. N, nucleus; 
n, nucleolus, m, mitochondnum; v, vacuole Original magnification, ■ 1 1,000. 
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FIG 4 Electron micrograph of 24-hr-cultured VERO cells in the presence of 2 ■ 10 4 M putrescine. N, 
nucleus; m, mitochondrium; v. vacuole Original magnification, - 1 1 .000. 



recirculated dialysis fluid and then withdrawn from patients' blood during dialysis, be- 
cause the PAs do not show toxicity at values of concentrations present in recirculated BD 
(Stabcllini et aL However, the toxic effect is different: in fact, in the presence of 

uremic toxins, cultures resume proliferation after 24 hr incubation, while those in the 




i 




N 




FIG 5 Electron micrograph of 24-hr-cultured VERO cells, in the presence of middle molecules and 2 * 10 s 
M putrescine N, nucleus, n, nucleolus, im , micrnvilli, in, mitot lunnlruiin, h. dense bodies Original magnifi- 
cation, x 20.000. 
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presence of PUT die. This difference is not due to the disappearance of the MM toxic 
effect, because we have noticed that fresh cultures added with medium incubated for 24 
hr suffer the same inhibitory effect; rather, it seems to be an adaptation of the VERO cells. 

Electron microscopy shows that MM or 2 < 10" 4 M PUT produces alteration of the 
nuclear membrane and mitochondria, but the absence of chromatin fragmentation could 
indicate that the cells do not die of apoptosis. Moreover, the nonhomogeneity of the 
VERO population may partially explain the different effects of MM and PUT on prolif- 
eration. It is interesting to note that cells incubated in the presence of MM + 2 x 1(T S M 
PUT come up against irreversible degeneration, thereby showing a toxic effect of this PA 
on all possible present cells. However, our results could be due not only to the toxic effect 
of PUT but also to the stimulation of suffering cells by now unable to respond to action 
of PA. In conclusion, during uremia PAs may cause deadly effects, even at low concen- 
trations, on cells stressed by other harmful stimuli. 
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